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1	Introduction
It was agreed to support MRO for LTM in R19 [1]: 
The objective of this work item is to specify data collection enhancement in NR standalone and MR-DC for SON/MDT purpose. The specific objectives of this work item are:
[bookmark: OLE_LINK31]- MRO enhancement for R18 mobility mechanisms, including, Lower layer triggered mobility (LTM), CHO with candidate SCGs, subsequent CPAC [RAN3, RAN2]:
· Specification of the inter-node information exchange, including possible enhancements to interfaces [RAN3]
· Identify and specify necessary UE reporting to enhance the mobility parameter tuning [RAN2]
In this paper, we would discuss the details of MRO for LTM.
2	Discussion
In R18, to reduce the mobility latency, LTM is supported. LTM is a procedure in which a gNB receives L1 measurement report(s) from a UE, and on their basis the gNB changes UE serving cell by a cell switch command signalled via a MAC CE. The cell switch command indicates an LTM candidate configuration that the gNB previously prepared and provided to the UE through RRC signalling. Then the UE switches to the target configuration according to the cell switch command.
LTM supports both intra-gNB-DU and intra-gNB-CU inter-gNB-DU mobility. LTM supports both intra-frequency and inter-frequency mobility, including mobility to inter-frequency cell that is not a current serving cell. LTM is supported only for licensed spectrum. MCG LTM and SCG LTM are specified in R18, e.g. the following scenarios are supported: 
· PCell change in non-CA scenario and non-DC scenario;
· PCell and SCell(s) change in CA scenario; 
· Dual connectivity scenario, PCell and MCG SCell(s) change and intra-SN PSCell and SCG SCell(s) change without MN involvement. LTM for simultaneous PCell and PSCell change is not supported.
In R19, to support MRO for LTM, the following cases should be considered: 
· MN initiated intra-DU MCG LTM when DC is not configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is not configured;
· MN initiated intra-DU MCG LTM when DC is configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is configured;
· SN initiated intra-DU SCG LTM without MN involvement;
· SN initiated intra-CU inter-DU SCG MCG LTM without MN involvement.
Proposal 1: In R19, the following cases should be supported for MRO for LTM: 
· MN initiated intra-DU MCG LTM when DC is not configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is not configured;
· MN initiated intra-DU MCG LTM when DC is configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is configured;
· SN initiated intra-DU SCG LTM without MN involvement;
· SN initiated intra-CU inter-DU SCG MCG LTM without MN involvement.
Subsequent LTM is supported in a LTM procedure. Subsequent LTM is done by repeating the early synchronization, LTM execution, and LTM completion steps without releasing other LTM candidate cell configurations after each LTM completion. When we consider MRO for LTM, MRO for subsequent LTM should be supported.
Proposal 2: In R19, MRO for subsequent LTM should be supported.
Similar as legacy mobility, a connection failure or near-failure success may occur during one LTM cell switch execution. We should consider MRO for failure or near-failure success scenario in a LTM procedure. 
[bookmark: _Hlk98841749]2.1 MRO for connection failure in a LTM procedure
[bookmark: _Hlk162443404]The following connection failure may happen in a LTM cell switch execution of a MCG LTM procedure:
· an RLF occurs before MCG LTM cell switch is executed; 
· a failure occurs during MCG LTM cell switch execution;
· an RLF occurs shortly after a successful MCG LTM cell switch execution.
A connection failure in a MCG LTM procedure would impact system performance, the above failure cases shoule be considered for MRO for MCG LTM. 
Observation 1: For MRO for MCG LTM, the following failure cases should be considered: 
· an RLF occurs before MCG LTM cell switch is executed; 
· a failure occurs during MCG LTM cell switch execution;
· an RLF occurs shortly after a successful MCG LTM cell switch execution.
When a connection failure happens in a MCG LTM procedure, the UE may store MCG LTM failure related information, in general, it seems the existing RLF report can be reused to include the MCG LTM failure related information to assist network to perform MRO analysis and optimisation. Since a LTM procedure is triggered based on L1 measurement report, it is beneficial for the UE to report L1 measurement results when the connection failure happens. Moreover, considering when LTM execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is an LTM candidate cell and if network configured the UE to try LTM failure recovery after LTM execution failure, then the UE attempts LTM execution once, otherwise re-establishment is performed, therefore, besides cell id of previous/source cell, and cell id of the cell where connection failure happens, it is also beneficial to report the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
Proposal 3: RLF report can be reused to include MCG LTM failure related information, e.g. L1 measurement results when a connection failure happens, and the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
[bookmark: _Hlk162443380]On the other hand, the following connection failure may happen in a LTM cell switch execution of a SCG LTM procedure:
· [bookmark: _Hlk162443343]an SCG failure occurs before SCG LTM cell switch is executed; 
· an SCG failure occurs during SCG LTM cell switch execution;
· an SCG failure occurs shortly after a successful SCG LTM cell switch execution.
A connection failure in a SCG LTM procedure would impact system performance, the above failure cases shoule be considered for MRO for SCG LTM. 
Observation 2: For MRO for SCG LTM, the following failure cases should be considered: 
· an SCG failure occurs before SCG LTM cell switch is executed; 
· an SCG failure occurs during SCG LTM cell switch execution;
· an SCG failure occurs shortly after a successful SCG LTM cell switch execution.
When an SCG failure happens in a SCG LTM procedure, the UE may store SCG LTM failure related information, the existing SCG Failure Information message can be reused to include the SCG LTM failure related information to assist network to perform MRO analysis and optimisation. Similar as MCG LTM, it is beneficial for the UE to report L1 measurement results when the SCG failure happens.
Proposal 4: SCG Failure Information message can be reused to include SCG LTM failure related information, e.g. L1 measurement results when the SCG failure happens.
2.2 MRO for near-failure successful LTM procedure
In legacy, SHR is introduced to detect sub-optimal successful handover, the SHR is not sent immediately after a successful handover execution, and only the latest successful handover execution is stored or reported by the UE. For MCG LTM, we should discuss whether SHR can be reused for MCG LTM or whether to introduce a new successful report, especially considering that subsequent LTM is supported in a MCG LTM procedure. If SHR is reused, we should further discuss whether only the latest successful LTM cell switch execution should be included in the SHR as legacy, or whether SHR should be enhanced to include multiple successful LTM cell switch executions.
Proposal 5: RAN2 discuss whether SHR can be reused for MCG LTM.
Similar as connection failure, the UE may store near-failure successful MCG LTM related information to assist network to perform MRO analysis and optimisation. It is beneficial for the UE to report L1 measurement results when the MCG LTM cell switch execution is successful.
Proposal 6: It is beneficial for the UE to report L1 measurement results when MCG LTM cell switch execution is successful.
Similarly, SPR is introduced to detect sub-optimal successful PSCell addition or PSCell change or CPAC, the SPR is not sent immediately after a successful PSCell addition or PSCell change or CPAC, and only the latest successful PSCell addition or PSCell change or CPAC is stored or reported by the UE. For SCG LTM, we should discuss whether SPR can be reused for SCG LTM or whether to introduce a new successful report, especially considering that subsequent LTM is supported in a SCG LTM procedure. If SPR is reused, we should further discuss whether only the latest successful LTM cell switch execution should be included in the SPR as legacy, or whether SPR should be enhanced to include multiple successful LTM cell switch executions.
Proposal 7: RAN2 discuss whether SPR can be reused for SCG LTM.
Similar as MCG LTM, it is beneficial for the UE to report L1 measurement results when the SCG LTM cell switch execution is successful.
Proposal 8: It is beneficial for the UE to report L1 measurement results when SCG LTM cell switch execution is successful.
For analysis of such sub-optimal successful mobility, the UE may collect SHR or SPR based on the triggers configured by the network, if received, and makes the SHR or SPR available to the network. For legacy SHR, T310/T312/T304 related trigger threshold is configured by network to trigger SHR storing or generating at UE side. Similarly, for SPR, T310/T312/T304 related trigger threshold is configured by network to trigger SPR storing or generating at UE side.
No matter whether we reuse SHR or introduce a new report to detect sub-optimal successful MCG LTM, or whether we reuse SPR or introduce a new report to detect sub-optimal successful SCG LTM, we should further discuss which trigger condition can be configured for LTM e.g. whether to reuse T310/T312/T304 related trigger threshold or introduce new trigger condition. It seems that T304 related threshold as legacy can be configured as trigger condition. On the other hand, since LTM Cell Switch Command MAC CE is introduced for LTM, we should take it into account when consider the LTM specific trigger condition, for example, a threshold for the ratio in percentage between the elapsed T310 timer when reception of the LTM Cell Switch Command MAC CE and the configured value of the T310 timer, or, a threshold for the ratio in percentage between the elapsed T312 timer when reception of the LTM Cell Switch Command MAC CE and the configured value of the T312 timer, can be introduced as the trigger condition.
Proposal 9: Introduce LTM specific trigger condition(s) for successful report for MCG LTM:
· T310 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T310 timer when reception of the LTM Cell Switch Command MAC CE for MCG LTM and the configured value of the T310 timer.
· T312 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T312 timer when reception of the LTM Cell Switch Command MAC CE for MCG LTM and the configured value of the T312 timer.
· T304 related threshold as legacy.
Proposal 10: Introduce LTM specific trigger condition(s) for successful report for SCG LTM:
· T310 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T310 timer when reception of the LTM Cell Switch Command MAC CE for SCG LTM and the configured value of the T310 timer.
· T312 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T312 timer when reception of the LTM Cell Switch Command MAC CE for SCG LTM and the configured value of the T312 timer.
· T304 related threshold as legacy.
3	Conclusion
In this contribution, the details of MRO for LTM are discussed. We have the following observations and proposals:
Observation 1: For MRO for MCG LTM, the following failure cases should be considered: 
· an RLF occurs before MCG LTM cell switch is executed; 
· a failure occurs during MCG LTM cell switch execution;
· an RLF occurs shortly after a successful MCG LTM cell switch execution.
Observation 2: For MRO for SCG LTM, the following failure cases should be considered: 
· an SCG failure occurs before SCG LTM cell switch is executed; 
· an SCG failure occurs during SCG LTM cell switch execution;
· an SCG failure occurs shortly after a successful SCG LTM cell switch execution.
Proposal 1: In R19, the following cases should be supported for MRO for LTM: 
· MN initiated intra-DU MCG LTM when DC is not configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is not configured;
· MN initiated intra-DU MCG LTM when DC is configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is configured;
· SN initiated intra-DU SCG LTM without MN involvement;
· SN initiated intra-CU inter-DU SCG MCG LTM without MN involvement.
Proposal 2: In R19, MRO for subsequent LTM should be supported.
Proposal 3: RLF report can be reused to include MCG LTM failure related information, e.g. L1 measurement results when a connection failure happens, and the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
Proposal 4: SCG Failure Information message can be reused to include SCG LTM failure related information, e.g. L1 measurement results when the SCG failure happens.
Proposal 5: RAN2 discuss whether SHR can be reused for MCG LTM.
Proposal 6: It is beneficial for the UE to report L1 measurement results when MCG LTM cell switch execution is successful.
Proposal 7: RAN2 discuss whether SPR can be reused for SCG LTM.
Proposal 8: It is beneficial for the UE to report L1 measurement results when SCG LTM cell switch execution is successful.
Proposal 9: Introduce LTM specific trigger condition(s) for successful report for MCG LTM:
· T310 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T310 timer when reception of the LTM Cell Switch Command MAC CE for MCG LTM and the configured value of the T310 timer.
· T312 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T312 timer when reception of the LTM Cell Switch Command MAC CE for MCG LTM and the configured value of the T312 timer.
· T304 related threshold as legacy.
Proposal 10: Introduce LTM specific trigger condition(s) for successful report for SCG LTM:
· T310 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T310 timer when reception of the LTM Cell Switch Command MAC CE for SCG LTM and the configured value of the T310 timer.
· T312 related threshold, e.g. a threshold for the ratio in percentage between the elapsed T312 timer when reception of the LTM Cell Switch Command MAC CE for SCG LTM and the configured value of the T312 timer.
· T304 related threshold as legacy.
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